Thrombin-facilitated efflux of D-[3H]-aspartate from cultured astrocytes and neurons under hyponatremia and chemical ischemia.
Thrombin effect increasing swelling-induced glutamate efflux was examined in cultured cortical astrocytes, cerebellar granule neurons (CGN), hippocampal and cortical neurons. Hypotonic glutamate efflux (monitored by D-[(3)H]aspartate) from cortical astrocytes was increased by thrombin (5 U/mL) to reach 16% of the cell pool in 5 min. Thrombin had lower effects in CGN, and marginal effects in hippocampal and cortical neurons. These differences were related to the magnitude of thrombin-evoked cytosolic calcium rise. The protease-activated receptor 1 is expressed in astrocytes and neurons. In astrocytes exposed to chemical ischemia (sodium iodoacetate plus sodium azide) D-[(3)H]aspartate release showed a first phase (20-40 min) of initial low efflux which progressively increases; and a second phase (40-60 min) of larger efflux coincident with cell swelling. Efflux at the first phase was 52% inhibited by the glutamate transporter blocker DL-threo-β-benzyloxyaspartic-acid (TBOA) and 11% by the volume-sensitive pathway blocker phloretin. At the second phase, efflux was reduced 52 and 38% respectively, by these blockers. In CGN D-[(3)H]aspartate efflux increased sharply and then decreased. This efflux was 32% reduced by calcium omission, 46% by TBOA and 32% by 4-[(2-butyl-6,7dichloro-2-cyclopentyl-2,3-dihydro-1oxo-1H-inden-5-yl)oxy] butanoic-acid. Thrombin enhanced this release by 32%. Ischemic treatment increased astrocyte mortality from 4% in controls to 39 and 61% in ischemia and ischemia plus thrombin, respectively. Cell death was prevented by phloretin. CGN viability was unaffected by the treatment. These results suggest that coincidence of swelling and thrombin during ischemia elevates extracellular glutamate prominently from astrocyte efflux, which may endanger neurons in vivo.